Purpose: It is hypothesized that facial trauma-associated injuries (AIs) are more frequent and severe in elderly than in younger adult patients. The purpose of this study was to determine the occurrence of, reasons for, and severity of AI in geriatric facial fractures and to compare the differences between geriatric and younger adult patients.
Associated injuries (AIs) in patients with facial fractures are frequent. In studies that have excluded brain concussion, wounds, and other minor soft tissue injuries, the AI rate in patients with facial fracture has ranged from 18.2 to 25.2%. 1, 2 When skin excoriations have been included, the rate has been as high as 35%. 3 Particularly high rates of AI have been observed in association with panfacial fractures (53%) 4 and high-speed injury mechanisms, such as motor vehicle accidents (MVAs; 69.2 to 99.3%) 1, 5 and falls from a height (76.9%). 1 AIs also have been related to age; the AI rate in patients at least 60 years old has been observed to be 48.7%, with the corresponding figure for patients younger than 60 years being only 22.7%. 1 However, the authors are not aware of studies to date that have examined in detail AI in geriatric patients with fractures of the facial bones.
In a recently published study, Keller et al 6 presented admission data on patients with orthopedic injuries comparing the severity of injuries in 597 patients at least 65 years old with 6,573 patients no older than 65 years. The data showed that the mean Injury Severity Score, Trauma Injury Severity Score, and Abbreviated Injury Score for the brain, thorax, abdomen, and spine were considerably worse in the elderly. Moreover, the death rate of elderly patients was 3 times that of the younger population. Based on these results, it can be hypothesized that elderly patients with facial fractures are more severely injured and die more frequently than younger patients.
The purpose of the present study was to investigate AI in geriatric patients with fractures of the facial bones. The specific aims were to design and implement a cohort study to clarify the occurrence of, reasons for, and severity of AI in geriatric patients and to compare the occurrence and types of AI between geriatric patients and younger controls. The hypotheses were that AIs are frequent in geriatric patients and that they occur more frequently and are more severe in geriatric patients than in younger controls.
Materials and Methods

STUDY DESIGN
To address the research aim, a retrospective cohort study was designed and implemented. Included were patients at least 65 years old who had been diagnosed with facial fractures at a level 1 trauma center during the 2-year period from January 1, 2006 through December 31, 2007 (n = 117). From previously published data, 1 the authors identified patients 20 to 50 years old who had been diagnosed with facial fractures and included them as younger controls (n = 136).
STUDY VARIABLES
The primary outcome variable for the geriatric patients and younger controls was AI (ie, yes or no). The secondary outcome variables were affected organ system, multiple AIs, polytrauma, and mortality during hospitalization. AIs were defined as any major injury outside the face, excluding brain concussions, wounds, and other minor soft tissue injuries. Their precise anatomic sites were recorded, and they were further classified according to the affected organ system and severity. The affected organ systems were classified as 1) brain, 2) chest, 3) abdomen, 4) spine, and 5) limbs. Multiple AIs were established for patients who had at least 2 different AIs. Polytrauma was defined as the involvement of at least 2 organ systems and at least 1 life-threatening injury.
The primary predictor variable was age (ie, geriatric patients vs younger controls). Other explanatory variables included in the analyses were gender, trauma mechanism, and type of facial fracture. The trauma mechanism was classified as a ground-level fall, fall from a height, assault, bicycle accident, MVA, sportsrelated accident, being hit by a blunt object, and gunshot accident. For each patient, 1 of the following 9 groups of facial fracture was assigned: 1) isolated mandibular fracture ($1 fracture); 2) isolated zygomatico-orbital fracture (ie, tripod zygomatic fracture or isolated zygomatic arch fracture); 3) isolated orbital fracture (ie, isolated orbital floor, medial wall, or roof fracture); 4) isolated nasal fracture; 5) extensive midfacial fracture (ie, Le Fort I to III, naso-orbitoethmoidal, or multiple midfacial fractures); 6) isolated upper third fracture (ie, fractures of the frontal sinus or anterior skull base); 7) combined fractures (ie, mandibular + midfacial fracture, midfacial + upper third fracture, or panfacial fracture extending to all facial thirds); 8) isolated fractures of the wall of the maxillary sinus; and 9) isolated dentoalveolar injury.
DATA ANALYSIS
The c 2 tests were performed to examine the statistical significance of differences between the outcomes and the primary predictor (age group) and other explanatory variables and between the primary predictor and other variables. Risk ratios (RRs) with 95% confidence intervals (95% CIs) were calculated to examine the risk of all outcomes by age group. Logistic regression analyses were conducted to study the association between age group and the primary outcome (associated injury) and expressed as odds ratios (ORs) and 95% CIs. Bivariate associations were further adjusted for gender, trauma mechanism, and type of facial fracture.
ETHICAL CONSIDERATIONS
The internal review board of the Division of Musculoskeletal Surgery, Helsinki University Hospital (Helsinki, Finland) approved the study. Table 1 presents the association between gender, trauma mechanism, type of facial fracture and the primary predictor variable (age). The frequency of male patients was significantly higher among younger controls than among geriatric patients (P < .001). Ground-level fall (P < .001) and unknown trauma mechanism (P = .008) were significantly more frequent in geriatric patients than in younger controls, whereas assault (P < .001), bicycle accidents (P = .021), and sports-related injuries (P = .005) were more frequent in younger controls. Isolated orbital fractures (P = .015) and isolated fractures of the maxillary sinus wall (P = .034) were significantly more common in geriatric patients, whereas isolated mandibular fractures were more frequent in younger controls (P < .001). Table 2 presents the relation between gender, trauma mechanism, type of facial fracture and the primary outcome (AI). The most significant predictors for AI were MVA (P < .001), fall from a height (P < .001), and isolated fracture of the maxillary sinus wall (P < .001). Other statistically significant predictors were unknown trauma mechanism (P = .010) and combined facial fracture (P = .033). Table 3 presents the association between AI, affected organ system, multiple AIs, polytrauma, mortality and age groups. AIs in general (P < .001) and limb (P = .005) and spine (P = .041) injuries in particular were more frequent in geriatric patients than in controls. Also, multiple AIs (P = .003), polytrauma (P = .039), and mortality (P = .008) were more frequent in geriatric patients. Of the 6 geriatric patients who died during hospitalization, 2 had multiple AIs and 4 had polytrauma. The types of facial fracture in these 6 patients were combined (2 of 6), extensive midfacial (1 of 6), isolated zygomatico-orbital (1 of 6), isolated orbital (1 of 6), and isolated fracture of the maxillary sinus wall (1 of 6). Table 4 lists the RRs with 95% CIs of all outcomes by age group. Geriatric patients had a significantly higher risk for AI in general (P = .002) and multiple AIs (P = .004), polytrauma (P = .050), and limb injuries (P = .006) in particular. Moreover, geriatric patients had a 1.8-fold risk for AI, a 2.6-fold risk for multiple AIs, and a 2.2-fold risk for polytrauma. Geriatric patients also had a 3.5-fold risk for spine injuries, but the difference was not relevant.
Results
Logistic regression analyses were conducted to study the association between age group and the primary outcome (associated injury) and expressed as ORs and 95% CIs. Bivariate associations were further adjusted for gender, trauma mechanism, and type of facial fracture. Table 5 presents the results of logistic regression analyses. In bivariate analyses, geriatric patients had a 2.4-fold risk for AI compared with younger controls (P < .001). When adjusted for gender, trauma mechanism, and fracture type, the risk for AI was 2.1-fold, but the association was not statistically relevant. Table 6 presents sites of injuries in more detail. Geriatric patients altogether sustained 1.7 times the number of AIs compared with younger controls. For the geriatric patients, the most common injuries were upper limb fracture (21.4%), brain contusion (11.1%), and lower limb fracture (9.4%). In younger adult patients, the most common injuries were brain contusion (7.4%) and upper limb fracture (5.9%). Although spine injuries were few in the 2 groups, the rate of cervical spine injuries was clearly higher in the elderly (6.8%) than in the controls (1.5%).
Discussion
The purpose of the present study was to investigate AIs in geriatric patients with fractures of the facial bones. The specific aims were to design and implement a cohort study to clarify the occurrence of, reasons for, and severity of AIs in geriatric patients and to compare the occurrence and types of AI between geriatric patients and younger controls. The hypotheses were that AIs are frequent in geriatric patients and that they occur more frequently and are more severe in geriatric patients than in younger controls. 
TOIVARI ET AL
The hypotheses were confirmed. AI (P < .001), multiple AIs (P = .003), polytrauma (P = .039), and mortality (P = .008) were significantly more frequent in geriatric patients than in younger controls. In the risk analyses, geriatric patients had a 1.8-fold risk for AI, a 2.6-fold risk for multiple AIs, and a 2.2-fold risk for polytrauma. The most common AIs in the elderly were upper limb fractures and brain contusions. Limb injuries (P = .005) and spine injuries (P = .041) were significantly more common in the elderly than in younger controls.
According to the results of several previously published studies, geriatric patients with general trauma are more severely injured, remain longer in the hospital and intensive care units, and die of their injuries more frequently than younger controls. [6] [7] [8] For facial fractures, the results of the present study clearly show that geriatric patients also are more severely injured than younger ones. The mortality rate of geriatric patients in the present study (5.1%) is at the lower end of what has previously been reported (4.4 to 18.2%) [6] [7] [8] ; however, the rate is notable and significantly higher than in younger controls (0%; P = .008).
Several factors predispose elderly patients to death after trauma. In addition to various age-related changes, geriatric patients have comorbidities and medications that not only compromise recovery but also increase the severity of sustained injuries. An additional important factor that increases morbidity and mortality in elderly patients with trauma is under-triage, which has been reported by Rogers et al 9 to occur in 15% of geriatric patients with trauma. Moreover, under-triaged patients were almost twice as likely to die of their injuries compared with correctly triaged patients. Subsequently, the quality of care and functional outcome of elderly trauma patients were found to improve when geriatric consultation was implemented. 10, 11 The establishment of a geriatric trauma service for patients at least 60 years old resulted in a decrease in the average emergency department (ED) length of stay, average ED to operating room time, average surgical intensive care unit length of stay, and average hospital length of stay. 12 Moreover, the rates of mortality, pneumonia, respiratory failure, and urinary tract infections decreased. Studies specifically focusing on the association between facial fractures and AI in geriatric patients are scarce. 13, 14 Kloss et al 13 compared the causes and types of facial injuries and concomitant injuries in patients older than 65 years (n = 774) with those in younger patients (n = 11,798). The overall rate of concomitant injuries in the elderly patients was not presented. However, based on rates reported by the investigators for each separate injury, and assuming that each elderly patient had only 1 concomitant injury, the overall AI rate in geriatric patients was approximately 40%. This figure is close to that found in the present study (44.4%).
When the occurrence of injuries to specific organ systems in geriatric patients is compared, notable discrepancies can be observed between the results of Kloss et al 13 and those of the present study. Brain injuries were far more infrequent in the present study (18.8 vs approximately 35%). Conversely, limb (27.4 vs 3.9%), chest (11.1 vs 1.9%), and spine (7.7 vs 1.7%) injuries were far more frequent in the present study. The authors propose 2 reasons for the discrepancies in the results. First, Kloss et al 13 included concussions, contusions, subdural hematomas, and epidural hematomas as concomitant injuries. In the present study, concussions were not included, explaining the lower frequency of brain injuries. Second, in addition to patients with facial fracture, Kloss et al 13 included patients with soft tissue injuries and dental injuries. More than half the geriatric facial injuries in their study were of a less severe nature than facial fractures (ie, 46% soft tissue injuries and 7% dental injuries), probably explaining the substantially lower rates of limb, chest, and spine injuries than in the present study.
As recorded in the present study and noted in previous publications, approximately 1 in every 10 adult patients with facial fractures has a brain injury. [1] [2] [3] 15 In the present study, a notably higher rate of brain injuries was observed in geriatric patients (18.8%) TOIVARI ET AL than in younger controls (12.5%). Clavijo-Alvarez et al 14 also reported an association between brain injuries and age. In their study, the brain injury rate in patients younger than 45 years was only 0.4% compared with 11.7% in those 65 to 74 years old, 13.7% in those 75 to 84 years old, and 14.5% in those older than 85 years. A recently published study from Australia reported a substantial increase in hospitalized traumatic brain injuries in the older population (ie, $65 years old) during a 13-year study period. 16 In particular, the rate of hemorrhagic-related brain injuries (ie, subdural and subarachnoid hemorrhage) increased considerably, whereas no increase in concussive injuries was observed. The investigators considered that the increased use of anticoagulation and antiplatelet agents probably contributed to the increase in fall-related traumatic brain injuries.
Indeed, Rogers et al 9 observed that coumadin use was a strong predictor of mortality in the geriatric trauma group. Therefore, they conducted a study to determine whether a novel ED protocol would improve the outcomes of these patients. 17 The socalled ACT Alert (Anti-Coagulation and Trauma) was implemented to improve the care and outcome of mildly injured geriatric patients at high risk of head bleed. The included patients were older than 65 years and used anticoagulation agents, had a Glasgow Coma Score of at least 13, and had sustained a head trauma within the previous 24 hours. The protocol initiated 3 procedures in the ED: 1) workup by an ED response team within 15 minutes, 2) the international normalized ratio test within 20 minutes, and 3) a head computed tomographic scan within 30 minutes. The ACT Alert population showed improved trends with respect to their outcome compared with the control group. According to these investigators, the risk of serious consequences resulting from delayed traumatic brain injury diagnosis was probably decreased.
According to previously published investigations, spine injuries occur in 1.7 to 16.9% of adult patients with facial fractures. 1, 5, 13, 18, 19 The highest rate of spine injuries in general (16.9%) and cervical spine injuries in particular (14.9%) was reported by Fischer et al. 5 These extraordinarily high rates are probably explained by the fact that the investigators focused exclusively on high-speed injuries (ie, motor vehicle collisions). Hackl et al 18 reported a clearly lower rate of cervical spine injuries (6.7%), but they also observed an association between trauma energy and cervical spine injuries; traffic accidents were the most common reasons. Importantly, geriatric patients were especially prone to combined facial and spine injuries. Moreover, not only the rate of spine injuries in general but also that of fatal spine injuries has been observed to be higher in patients older than 65 years. 20 The exclusion of cervical spine injuries in patients with facial trauma in general and geriatric patients with facial trauma in particular is of utmost importance.
In the present study, significant predictors of AI were high-speed trauma mechanisms (ie, MVAs and falls from a height; P < .001). Conversely, groundlevel falls are often classified as low-energy mechanisms. Nevertheless, ground-level falls were associated with high mortality in geriatric patients, because the fall-related mortality was 4.4% in the elderly compared with 1.6% in younger controls. 7 As reported by Harvey and Close, 16 80% of brain injury hospitalizations in elderly patients were due to falls, and the great majority of falls were on the ground level. In the present study, a notably high rate of AI (26.1%) was observed in patients who had ground-level falls. Unfortunately, as noted by Rogers et al, 9 elderly patients with trauma who have fallen are frequently under-triaged. The additional finding that most geriatric patients with facial fractures sustained their injury from ground-level falls 21 calls for attentiveness from facial surgeons, and ground-level falls in geriatric patients should not be underestimated.
One drawback of the present study is that the mortality rate is probably somewhat underestimated, because some patients were referred to other hospitals for follow-up treatment. It also would have been interesting to clarify the reasons for death in more detail, which was too challenging because of the retrospective study design. For the same reason, standardized scoring systems could not be used for trauma patients (such as the Injury Severity Score, Trauma Injury Severity Score, and Abbreviated Injury Score), which would have been beneficial. However, the severity of AI was categorized further as multiple AIs and polytrauma, which the authors consider meaningful enough for the specific purposes of this study. AIs are substantially more frequent and severe in geriatric patients than in younger adults and the elderly die considerably more often of their injuries. The results emphasize that elderly patients require specific attention and multi-professional collaboration in the diagnosis and sequencing of trauma treatment.
